The Orientalis clade has a relevant significance for bivalve aquaculture since it includes the pathogens Vibrio bivalvicida, Vibrio tubiashii subsp. tubiashii and Vibrio tubiashii subsp. europaeus. However, the previous taxonomic description of the subspecies of V. tubiashii shows some incongruities that should be emended. In the genomic age, the comparison between genome assemblies is the key to clarify the taxonomic position of both subspecies. With this purpose, we have tested the ability of multilocus sequence analysis based on eight housekeeping gene sequences (gapA, gyrB, ftsZ, mreB, pyrH, recA, rpoA and topA), different in silico genome-to-genome comparisons, chemotaxonomic features and phenotypic traits to reclassify the subspecies V. tubiashii subsp. europaeus within the Orientalis clade. This polyphasic approach clearly demonstrated that this subspecies is phylogenetically and phenotypically distinct from V. tubiashii and should be elevated to the rank of species as Vibrio europaeus sp. nov. This reclassification allows us to update the Orientalis clade (V. bivalvicida, V. brasiliensis, V. crosai, V. hepatarius, V. orientalis, V. sinaloensis, V. tubiashii and V. europaeus sp. nov.) and reconstruct a better phylogeny of the genus Vibrio. An emended description of V. tubiashii is provided. Finally, the proposed novel species is represented by emergent bivalve pathogens [type strain T ( The genus Vibrio is the largest member of the family Vibrionaceae and comprises more than 126 bacterial species and two subspecies (http://www.bacterio.net/vibrio.html) clustered in 18 clades and four orphan species (Al-saari et al., 2015; Sawabe et al., 2013) . The Orientalis clade has a relevant significance for bivalve aquaculture since it includes well-known larval pathogens whose broad range of action has been reported in larvae of different bivalve species (Dubert et al., 2016) . Different species of the genus Vibrio have been allocated within the Orientalis clade in recent years. In a first approach, Sawabe et al. (2007) included the species Vibrio orientalis, Vibrio brasiliensis, Vibrio hepatarius and Vibrio tubiashii by means of a multilocus sequence analysis (MLSA) based on concatenated partial sequences of nine gene loci (ftsZ, gapA, gyrB, mreB, pyrH, recA, rpoA, topA and 16S rRNA) . Subsequently, Hoffman et al. (2012) added the species Vibrio caribbeanicus as a new member of this clade. However, Sawabe et al. (2013) later updated the Vibrio clades by MLSA based on eight gene loci (ftsZ, gapA, gyrB, mreB, pyrH, recA, rpoA and topA) and allocated V. caribbeanicus within the Pectenicida clade. In that study, the Orientalis clade was updated to include five species: V. brasiliensis, V. hepatarius, V. orientalis, V. sinaloensis and V. tubiashii. Finally, three new taxa were recently described within the Orientalis clade: Vibrio crosai, V. tubiashii subsp. europaeus and V. bivalvicida. In this way, the Orientalis clade now contains seven species and the two subspecies of V. tubiashii (Dubert et al., 2016; Gonzalez-Castillo et al., 2014; Prado et al., 2015) .
In the genomic era, comparisons with other genome assemblies from whole-genome sequencing (WGS) have been used regularly to characterize or reclassify bacterial taxa, including species of the genus Vibrio (Bennett et al., 2012; Chan et al., 2012; Dubert et al., 2016; Lin et al., 2010; Urbanczyk et al., 2016) . In the present study, we tested the ability of MLSA based on eight housekeeping gene sequences, different in silico genome comparisons and phenotypic traits to reclassify the subspecies V. tubiashii subsp. europaeus within the Orientalis clade.
First of all, we re-evaluated the genomic data obtained by Prado et al. (2015) for the strains PP-638 T (=CECT 8136 T =DSM 27349 T ) and PP2-843, included in the original description. Hence, we determined the extent of 16S rRNA gene sequence identity using the EzTaxon-e server (Kim et al., 2012) and FASTA program for comparisons of DNA sequences (Pearson & Lipman, 1988) . Sequences were obtained from GenBank (Fig. S1 , available in the online Supplementary Material), and phylogenetic trees based on 16S rRNA gene sequences were reconstructed using MEGA 6.06 (Tamura et al., 2013) after multiple alignment of data by CLUSTAL W (Thompson et al., 1994) . Distances and clustering with the neighbour-joining (NJ) and maximumlikelihood (ML) algorithms were determined using bootstrap values based on 1000 replications. Stackebrandt & Ebers (2006) to define new taxa. The phylogenetic tree supported the taxonomic position of strains PP-638
T and PP2-843 as an independent and robust (100 % bootstrap) cluster (Fig. S1 ). Interestingly, species of the Orientalis clade did not appear in the phylogenetic tree as a monophyletic group, confirming the uselessness of the 16S rRNA gene for determining species affiliation.
Afterwards, we carried out a new MLSA to gain an insight into the phylogenetic relationship between strains PP-638 T and PP2-843 and the most closely related species of the genus Vibrio, particularly those belonging to the Orientalis clade. In a previous study (Prado et al., 2015) , the phylogenetic relationship of strains PP-638 T and PP2-843 was studied within the Orientalis clade by means of MLSA of six partial housekeeping gene sequences (4878 bp) (ftsZ, gyrB, pyrH, recA, rpoA and 16S rRNA). In that study, distance matrices provided similarities of 97.60 % with the type strain of V. tubiashii. However, Sawabe et al. (2013) demonstrated that the MLSA based on eight partial housekeeping genes (gapA, gyrB, ftsZ, mreB, pyrH, recA, rpoA and topA) is a powerful method for delineating a species of the genus Vibrio and a monophyletic group or clade. Moreover, these authors indicated that inclusion of 16S rRNA gene sequences is not necessary for reconstructing the phylogeny of the genus Vibrio on the basis of MLSA. These authors reported <98 % average nucleotide identity (ANI) of eight-gene concatenated sequences to define a species boundary. However, it is important to note the misuse of the ANI term (instead of sequence similarity) in this work, since it does not correspond with the widespread meaning coined by Konstantinidis & Tiedje (2005) and used by many authors thereafter (Richter & Rosselló-Móra, 2009; Richter et al., 2016) . Sequence similarity of a concatenated sequence of several partial genes is not equivalent to an ANI of a whole genome (not at the conceptual and mathematical level). Hence, use of ANI values should be restricted only to comparisons among genomes.
To establish an acceptable comparison, we reconstructed the MLSA for strains T and PP2-843 using the eight partial housekeeping genes (gapA, gyrB, ftsZ, mreB, pyrH, recA, rpoA and topA) proposed by Sawabe et al. (2013) for species of the genus Vibrio. In addition, we included in the new MLSA the French V. tubiashii 07/118 T2 (=CECT 8426), described by Travers et al. (2014) as an emergent pathogen for shellfish aquaculture in France, to elucidate its taxonomic position. In the initial description, genomic information from WGS was not included. Hence, genomic DNA of the representative strain PP-638 T was sequenced using an Illumina MiSeq at the Rhode Island Genomics and Sequencing Center at the University of Rhode Island. Reads were trimmed using the CLC Genomics Workbench (v8.5.1) for quality, ambiguous nucleotides and adapters. A total of 2 943 708 paired-end and 3 234 516 mate-paired reads providing 199Â coverage were assembled using Spades (v3.1.1) with default parameters (Nurk et al., 2013) . Genome length was 5 469 456 bp with N 50 =1 788 614 bp, DNA G+C content of 45.37 % and ten contigs. Partial sequences of eight housekeeping genes (gapA, gyrB, ftsZ, mreB, pyrH, recA, rpoA and topA) of the most closely related species of the genus Vibrio were obtained from the GenBank/EMBL/DDBJ database (Table S1 ). In some cases, e.g. PP2-843, V. crosai CAIM 1437 T or V. tubiashii 07/118 T2 (=CECT 8426) (Table S1 ), some housekeeping genes were sequenced as described by Dubert et al. (2016) and sequences were deposited in the DDBJ/EMBL/GenBank database under the accession numbers listed in Table S1 . Phylogenetic trees using the NJ and ML algorithms were reconstructed as described above. The split decomposition analysis (SDA) was performed using SplitsTree 4.14.2 using a neighbour-net representation with Jukes Cantor correction (Huson & Briant, 2006) . Similarities of the concatenated sequences were calculated with Lasergen MegAlign software (DNAstar) by alignment of data using CLUSTAL W.
SDA neighbour net representation supported the taxonomic position of the strains PP-638 T , PP2-843 and 07/118 T2, well-differentiated within the Orientalis clade (Fig. 1) . Hence, the three strains formed an independent cluster representing emergent bivalve pathogens responsible of outbreaks of disease in Spanish and French shellfish hatcheries (Prado et al., 2015; Travers et al., 2014) . Phylogenetic trees based on the concatenated partial sequences of the eight housekeeping genes reconstructed by the NJ and ML methods supported the independent and robust position of these strains within the Orientalis clade regarding the closest relatives V. tubiashii and V. bivalvicida (100 % bootstrap support) (Fig. S2) . Indeed, sequence similarities between strains PP-638 T , PP2-843 and 07/118 T2 were high (99.90-98.80 %), supporting their affiliation to the same species. In contrast, percentage similarities with V. tubiashii were 96.50-96.10 %, and were 92.70-92.40 % with V. bivalvicida (Table S2 ). In addition, we were able to update the similarity range between the species of the Orientalis clade described to date: 96.50-88.10 % (Table S2) .
Availability in the GenBank/EMBL/DDBJ of the genomes corresponding to the species V. tubiashii, V. bivalvicida, V. orientalis,V. brasiliensis, V. sinaloensis and V. hepatarius allowed us to establish a complete taxonomic study within the Orientalis clade based on comparisons among genome assemblies (Table 1) . WGS launched microbial taxonomy into a genomic era, with the possibility of establishing systematics on the basis of complete genomes (Thompson et al., 2009) . ANI calculations were performed according to MUMmer (ANIm) and BLAST (ANIb) algorithms, using JSpeciesWS (Richter et al., 2016) , whereas OrthoANI percentages were calculated as described by Lee et al. (2016 Fig. 1 . Split decomposition network based on the concatenation of the partial sequences of eight housekeeping genes (gapA, gyrB, ftsZ, mreB, pyrH, recA, rpoA and topA; 5064 bp) using SplitsTree v4.14.2. Bar, 0.01 substitutions per nucleotide position.
Vibrio europaeus sp. nov.
below the proposed cut-off for species a boundary (95~96 %) (Richter & Rosselló-Móra, 2009 ). As expected, OrthoANI values were highly correlated with ANIb values (Lee et al., 2016) . Besides, ANIm percentages (Table S3) were higher than ANIb and OrthoANI percentages, although below the species-delineating threshold of 95 %. Li et al. (2015) evaluated the relationship between ANIb and ANIm and demonstrated the lack of agreement between ANIb and ANIm when the genomes compared were not well correlated (ANIb <75 %). Results obtained in this study allowed us to increase this percentage to 77 % (Tables 1 and S3 ). Thus, ANIm showed poor measures in most cases and so OrhoANI and ANIb were considered in our calculations for delineating species. Results based on ANI comparisons supported clearly that the representative strain PP-638 T must be reclassified within the Orientalis clade. Recently, Urbanczyk et al. (2016) In silico DNA-DNA hybridization (DDH) and DNA G+C (mol%) differences were calculated among these genomes by means of the Genome-to-Genome Distance Calculator (GGDC 2.1) (Meier-Kolthoff et al., 2013) (Table 1) . Values were clearly lower than the limit (70 %) for delineation of prokaryotic species in all cases. These in silico DDH percentages were in agreement with the wet DDH values (<70 %) obtained in previous studies between the type strain PP-638 T and the closest phylogenetic relatives V. tubiashii, V. bivalvicida and V. orientalis (Dubert et al., 2016; Prado et al., 2015) . Interestingly, our results were in agreement with those of Meier-Kolthoff et al. (2014) since differences in DNA G+C content were not informative for delineating species (Table S3) .
Finally, genomic results were supported by at least 12 phenotypic differences found between V. europaeus sp. nov. and V. tubiashii (Table S4) . Hence, we could differentiate the reclassified strain V. europaeus sp. nov. PP-638
T from V. tubiashii CECT 4196
T by the negative results obtained for growth at 35 C, enzymic activities for valine arylamidase, cystine arylamidase, naphthol-AS-B1-phosphohydrolase and b-galactosidase, fermentation of turanose and utilization of aspartic acid as sole carbon source. In contrast to V. tubiashii, V. europaeus sp. nov. showed positive results for lipase (C14), fermentation of salicin, and utilization as carbon source of glucose, melibiose and sucrose (Table S4) . T , PP2-843 and 07/118 T2) that affect Spanish and French hatcheries. As a consequence, the updated Orientalis clade is formed of the species V. bivalvicida, V. brasiliensis, V. crosai, V. hepatarius, V. orientalis, V. sinaloensis, V. tubiashii and the proposed species V. europaeus sp. nov.
Emended description of Vibrio tubiashii
Vibrio tubiashii (tu.bi.ash¢i.i. N.L. gen. n. tubiashii of Tubiash; named to honor H. S. Tubiash who first isolated the organism).
The properties are as described by Hada et al. (1984) and in the emended description by Prado et al. (2015) . Description of Vibrio europaeus sp. nov.
Vibrio europaeus (eu.ro.pae¢us. L. masc. adj. europaeus of/ from Europe).
The properties are as described by Prado et al. (2015) .
The type strain is PP-638 T (=CECT 8136 T =DSM 27349 T ).
